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India rubber, India rubber cloth, or any other substance which may 
answer this intention. 

I have thus described, in a manner sutliciently full to direct a 
competent workman, the nature of my said improvement, and the 
manner in which I intend to carry the same into effect; and I do 
hereby declare that what I claim as my invention, or improvement, 
is simply the making of the pannela of coaches, and other wheeled 
carriages, or vehicles, of metal, instead of wood, no other change 
being made in the formation of such carriages, excepting such as may 
be necessary to adapt the frame-work to such pannels. 

EBENEZER A. LESTER. 

Report to the Bisectors of the London and Birmingham Railway 
Company,accompanied by .f&cperiments on the ‘Transverse Strength, 
&c. of Malleable Iron, with rejerence to its use for Railway Bars. 
By I’ETE~ B~a~ow, Prof. Iloyal filil. .&ad., ~~oolwich. 

(Concluded from p. 199.) 

Comparative Strength of tlz@erently formed Parallel Railrr. 
Let -4 B C D (fig. p. 265) represent any rectangular rail with a 

bottom table; n n its neutral axis; c the centre of compression, c n 
being f of h n. Now, the tension of each fibre being as its distance 
from the neutral axis, and that of the lower fibre being given equal 

to 1, the tension at any variable distance IL’ will be 7 (d being taken 

to denote the whole depth n s,) and therefore the sum of all the ten- 

sions will be f 
l 

. f 
2. d x (1) which, therefore, become known, z 

being taken within its iroper limits, according to the figure of the 
section. 

But as the efl’ective resistance of each fibre is also as its depth 

below the line n 11, the sum of all the resistances will be -$ 
1’ 

.za . dx 

(2) z being taken here also within its proper limits. And then to 
find the centre of tension, or that point into which, if all the tensions 
were collected, the whole resistance would be the same as in the ac- 

tual case, this would be given by the formula, ;g (3) which is 

precisely the expression for the centre of oscillation of a disc of the 
same figure. 

We have hence the following general rule for finding the resist- 
ance or the weight which any given bar or rail will support at its 
middle point, within the limits of its elastic power, that is, 

Calling the i:;fqyal of formula (1) = A 
J)itto formula (2) = B 
Mtto ditto formula (3) = L) 

.4ntl the distaucc c n = C 
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then, referring the sum of all the resistances B to the common centre 

B (DS-C) which is of compression, we have D : D + C : : B : -- 
D 

the whole effect. 
For those who understand the integral calculus, this solution is 

sufficient; but as this article will, probably, be consulted principally 
by practical men, it will be more convenient to give a specific solo- 
tion for a rail, embracing under one general figure all th_e usual 
forms, the only variations being in the depth, breadth, and thickness, 
of the parts. 

Let A B C D represent such a section, of which 
all the dimensions are given, as also the position of 
5-z TZ the neutral axis, the point c which is the centre 
of compression, c n being two-thirds of n IL, and the 
point m which is in the centre of 1’ S. The breadths 
n n and sn m are also known. Then the resistance 
of the whole section referred to the common centre 
of compression c, may be considered to be made up 
of the three resistances. 

1st. Of the middle rib, continued through the 
head and foot tables, w t z w. 

2nd. Of the head A E F B, minus the breadth of the centre rib. 
Sd. Of the lower web, G C D H, also minus the continuation of 

the centre.rib. 
Now, t being taken to represent the tension of iron per square 

inch, just within its limits of elasticity, we shall have: 
1. Resistanceofvtzw4)hs.ns.py.t 

2. Resistance of A E F B = { h IC . n x . (H n-p q) 2 t 

Now, let 1217~ + & = J’, and 6’ + c ~1 = ,r”, then 

a” 
3. Resistance of G C D H = ~2 ~1%. r s . (m m -11 y) F t 

These three resistances being computed, let their sum be called 3, 

and the clear bearing E; then y = W, the load the bar ought to SUS- 

tain at its middle point, for an indefiaite time, without injury to its 
elasticity. 

Trapezoidnl Rail. 
Produce the sloping sides till they intersect the neutral axis in p 

q. Then the rule for the head A 15 P T3, and middle rib, v t z W, 
VOL. XVI.-No. -l.-Oo~ouen, 1855. 34 
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will be the same as given above; and for the two 

R vhwB 
sides, p C I, 2 D Z, the formula is, 

,/ 2 
i 

E ‘; ; 17 
: ; 

77 

+(;ns+en) x (CD--pq)ns”t. 

The sum of this, with that of the head and mid- 

: : 
die rib+, multiplied by 4, and divided by Z, as be- 

: fore, wdl be the weight required,. 

1 : 
Another general and very curious mechanical 

: 1 method of finding the resistance of a railway bar, 
: : 

C =;s :n 
is also suggested by the remark in p. 264, viz: 
that the centre of tension is the same as the centre 
of oscillation of a disk of the form of the section, 

cut off at its neutral axis, which in words may be given as follows: 
Find the centre of oscillation, and the centre of gravity, of the 

area below the axis, by the usual mechanical methods, and call the 
distance of the former below the neutral axis o, that of the latter I$, 
the area (1, the depth cl’, and the distance c n = c, the tension 2, and 
bearing c’, as usual, then the weight the bar will support will be, 

,~o = 4 (0-t-c) agt --r 
I d’ 

The preceding rules, however, will be generally more convenient, 
particularly when some of the dimensions become fixed, as necessa- 
rily happens in such cases as we are considering.. For instance, 
whatever figure may be given to the transverse sectlon, the head may 
generally be supposed to occupy two-fifths of it; and, therefore in tbe 
larger rails, to have about two inches section, and to be one inch 
deep, that the lower web, when there is one, is the same depth as the 
head, and that the neutral line bisect the head, or upper table.) 
With these as fixed dimensions, the preceding fo&mula?, page 265, are 
reduceable to words at length. They apply, however, only to the 
larger rails; for other cases, it will be best to have recourse to the gen- 
eral rules. 

* This includes the small dotted part of the triangular sides in the head and 
in the sides, but the amount is so very inconsiderably in error, as to be nearly 
or wholly insensible in the result. 

t We have the means of computing the position of the neutral line by the 
data obtained from the experiments, p. 19S, which show that in rectangular 
bars the area is divided in the ratio of 1 to 4, or the area into the distance of 
the centre of gravity of the two parts as 1 to 4% But in inquiries of this kind, 
the less we have to depend on theory the better. I have, therefore, deduced 
the above position from the experiments on actual railway bars, p, 270, by con- 
sidering the distance n h ns unknown, and equating the formula in this shape 
with the mean elastic strength, which is found to be 84 tons. The equation is, 
therefore, 

1 

5 5(5 .I’) <) 

11. (I ) 2 --1)^ x 

s - +. 3 

8; 33 

-- = 5-X ~ 4 

Whence we iintl z _ 17* which may [Jt_ cons&red 3s S, without sensible 
error 
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Resistance of thd Head, or [@per Tuble. 
1. Subtract the thickness of the middle rib from 2 inches, and 

multiply the remainder by 10. 
2. Subtract half an inch from the whole depth, and multiply the 

remainder by 12. 
Then the former product, divided by the latter, will be the resist- 

ance in tons due to the head, not including the continuation of the 
middle rib. 

Resistance of the Centre Rib. 
Multiply the whole depth of the rail by the whole depth, minus 

half an inch, and that product by 10 times the thickness of the rib; 
and the last product divided by 3, will be the resistance in tons of 
the middle rib continued through the whole depth, i. e., through the 
upper and lower tables.” 

Resistame of the Lower Web. 

1. Multiply the whole depth of the rail, minus 1 inch, by the 
thickness of the bottom web, minus the thickness of the rib, and that 
product by 10. 

2. From the whole depth of the raii subtract 1 inch, and to 18 
times the square of the remainder add 6 times the remainder, and 
call this the first number. Prom this subtract twice the remainder, 
and add 1, and call this the second number. Then say, as the first 
number is to the second, so is the product obtained in the former part 
of the rule to the resistance of the lower web, not including the con- 
tinuation of the middle rib. 

Lastly, the sum of these three resistances multiplied by 4, and di- 
vided by the clear bearing length, will be the weight the rail will 
sustain without injury. A few examples, worked at length, are 
given below, to illustrate the rules. 

Examples. 
(1) In Mr. Stephenson’s rail the greatest depth is 5 inches, with 

a plain rib, whose thickness is’.9 of an inch. Here, 

Resistance of Head 1”; _ :) x 12 = 54) -.9) x 10 = 11) 11 
3 

z = 0.20 

Ditto of Rib, I, 
4; x 5 x .9 x 10 ~- = 

3 GY.50 

67.7 
4 x 67.7 

And --= 
33 

8.21 tons, the greatest weight. 

Deflection with this weight iq x “;1- CW; 
r> 

* See pp. 12? nut1 1’K 
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(2) Parallel rail of the same depth arid weight, viz: 50 Ibs. per yard. 
Here the thickness of centre rib = .78. Hence, 

TOILS 

Resistance of Head 0.225 

Ditto Rib, . 
4;x5x.78xlO 
__ -= 

3 
. . 58.500 

58.725 

And 4 x58.725 
-3-- = 7.11 tons, the greatest weight. 

Deflection with this weight & = .048 

(3) Parallel rail with bottom web, the depth being still 5 inches, 
the thickness of the rib .G of an inch thickness, or breadth of section 
of lower web 1.32, the weight being 50 Ibs. 

TOM 

Resistance of lIead, 

Ditto of Rib, 
4Gjx5x.6xlO ~- = 

3 

0.26 

45.00 

(5--I x.72x10=28.3 
Lower Web, 12(5--1)8+24=216=1st No. 

216--7=209=2d No. 3 
As 216 : 209 : : 28.8 : 27.94 . . : 27.94 

73.20 

And ‘E3OF = 8,3 tons, the greatest weight. 

Deflection with this weight ;;“’ - .03S. 
. . 

(4) As another esamplc, let us take a parallel rail of 50 Ibs. per 
yard, depth 4; inches, thickness of rib &ths of an inch, and of the 
bottom web 1.39. 

Resistance of Head, 

Ditto of Rib, 

Tons 

0.27 

4x49x.7x10 - zz 
3 

48.00 

Ditto of Lower Web, 3g x( l.39-.S) x 10=24.15 
12 (3$)3+21=lG8=lst No. 

lGS-F=lG2z22tl No. 
As 168 . 1 tic? ’ . I.l.15 : on.o,s -- 23.28 
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4x65 55 
-- = 8 tons, nearly the greatest weight. 

33 

Deflections with this weight T = 0.55. 

Remarks on the above Results. 

It appears from these results, that it is always possible to produce 
a parallel rail of good practical proportions, which shall be as strong 
as a fish-bellied rail of the same weight; and this being the case, I 
am decidedly convinced, after hearing and well weighing every argu- 
ment that has been advanced in favour of the latter form, that the 
parallel rail is the best. 

First.--Because, although it is not stronger nor stiffer in the mid- 
dle point than the fish-bellied rail, it is both stronger and stiffer, in 
a very sensible degree, in every other point. 

Second .-The deflection of a parallel rail during the passage of a 
load, is less every where than in the middle, which is not the case in 
the fish-bellied rail. The rise and fall of the carriage, therefore, after 
passing over a support, is more rapid in one case than in the other; 
and to this, rather than to a want of equable strength throughout, I 
am disposed to attribute the many failures of fish-bellied rails within 
a short distance of their point of support. There is, however, or has 
been hitherto, an actual want of equable strength towards the point 
of support in rails of this form, which cannot fail to have facilitated 
these fractures; but which Mr. Stevenson, by a judicious and scien- 
tific distribution of the metal, has avoided, and no doubt such frac- 
tures would be with his rail less common; but the objection I offer 
above applies not merely to the fish-bellied rail, but to the truly el- 
liptical form itself, if it were possible to arrive at it. 

Thirdly.--The parallel rail is the best, because it enables the en- 
gineer to keep the blocks and chairs of the two rails directly opposite 
to each other, so that the wheels of the carriage shall pass over both 
supports at the same time ,--a point, I believe, not hitherto much at- 
tended to, but which is, I conceive, of great importance. There can 
be no doubt the motion of a locomotive carriage consists of a succes- 
sion of ascents and descents; and it must be evident how much easier 
and better the motion would be, to have the opposite wheels both 
rising and both falling together, than to have one always rising while 
the other is falling, and the contrary. The difference is similar to 
that of a vessel keeping her head to the waves, and crossing their 
direction obliquely. And every one who has never been further than 
Margate must have experienced this diff’erence. 

It may be observed that the waves of the railway, or the deflections 
of the rails, are very small; but I would observe, also, that the 
weights and velocities of the carriages are very great, and that it is 
very desirable every possible cause of momentum should be removed, 
particularly when it is as easy to do it as not to do it, as is the case 
with parallel rails, because they can always be cut to determinate 
leng,ths, but which cannot be done in the &h-bellied rails, in conse- 
quence of the occasional slipping of the bar in the rolls. At all 
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events, their length cannot be varied at pleasure, which the former 
~111 admit of, and which is necessary, in going round sweeps, to 
preserve the blocks always parallel. For example, in going round a 
sweep of 800 feet, to keep the ypports parallel, the rails of the inner 
course require to be about an inch shorter than the outer ones, and 
they are as easily cut into lengths of fourteen feet eleven inches, as 
of tifteen feet, which is not practicable in the other form. 

The above is my decided conviction relative to the longitudinal 
figure of the rails. I entered upon the inquiry without prejudice; I 
felt sensible of the honour which the general meeting had done me 
in confiding the question to my investigation ; and I have given to it 
(after obtaining the requisite data) all the attention necessary to ar- 
rive at a certain conclusion. 

The following experiments were made on different rails, and the 
results may be compared with the preceding calculations. 

Experiments on the Resistance and Defection of Railway Bars. 
Mr. Stenhenson’s Fish-bellied Bail, 50 Ibs per yard. 

Bar No. 1. 
--- _-- 

rlr: D 
Weights. 

leflection: 
by 

Index. 
-_ 

.035 
.045 
.055 
.06.5 
.071 
.076 
.087 
,095 

kflcction! 
for 

each ton. , 
_- 

.OlO 

.OlO 

.OlO 

.006 
.005 
.Oll 
.016 

Weights. 

-- 
1 
2 
3 
4 
5 

; 
8 
83 

;; 

:: 
17 

1 

-. 

- 

Deflection 
by 

Index. 
-- 

,013 
.025 
.038 
.054 
.OG2 
.069 
.OSU 
.094 
.lOO 
.112 
A18 
.I26 
.160 

destroyed __I 

SL 

__ 

- 

reflection 
for 

each ton. 
-- 

.007 
.013 
,016 
.OOd 
,007 
.Oll 
.014 
.012 
.018 
.018 
,014 
.034, 

. _ 

- 

Weights. 

1 
2 
3 
4 
5 

: 
8 
9* 

10 

11 

leflections )eflectionr 
by for 

Index. each ton. 

.014 

.022 

.090 
.042 
.050 
,062 
.075 
.085 
.lOl 

Elasticit) 
injured. 

.300 

.oos 

.008 

.012 
.008 
,012 
.013 
.OlO 
.016 

Bar No. 4. 

Deflection! 
Weights. by 

Index. 
-m-- 

1 .045 
3” .065 .056 

4 .075 
5 .os4 

; .09.5 .105 
8 .llO 
9 .116 

.125 
,165 

beilectionl 
for 

each ton. 

.Oll 

.009 

.OlO 

.009 

.Oll 
.OlO 
.005 
.006 
.009 
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Mean deflection per ton, Bar No. 1, .0097 
NOI 2, .olOl 
No. 3, .ollO 
No. 4, .oo90 

271 

oar No. 5, Ylutbbelltad. 
‘:rmt depth 3 inch. 
I.css ditto, it. 
I’hickness of rib, 0.10. 
Mead cstirnated, 2 by 1. 

leflec’n Dcficc’n Veight Dcflec’n L: 
bY filr eacl in by f< 

Index. tcm. tons. Iudex. b 
-- -PA 

.090 0.5 .120 

.260 1.0 .140 

.270 .OlO 

.290 .020 

.300 .OlO 

.32iI .020 

.335 .015 

.410 ,060 
action 
.o 1 .015 

1.5 .170 
.180 
so0 

3.0 .230 
3.5 .280 
4.0 .420 
Iean deflection i 
per half ton to, 
3 tons, 

Mean, .OlOO 

Table Continued. 

Icflec’~~ Wright Deflec’rr Drflcc’~ 
x eaeb iu bY tix eat 
alfton. 10119. Index. halt’,,,, 
---- 

0.5 .033 
.020 1.0 .060 .027 

Rdjs’d 
.030 1.5 .062 
.OlO 2.0 .090 .028 
.020 2.5 .120 .030 
.030 3.0 .155 .035 
.050 3.5 ,240 
.140 4.0 
.022 

Mean deflection 
per half ton to .030 
2 tons, 

itto with 3 tons, .066 l/Ditto with 2 tow .060 ( 

Cornprison of the ubove Results with the Formulx, page 265, viz: 

Rib,$hs.ns.pq. t 

__ nn--pq H=4$ h x. n xang- t 

Bar No. 5. 

Here, 5 11s = 5, ns = 4.5,py = .‘3, t = 10 
\hx=1,nx=.5,nn--pq=l.l 

Hewe, +- x 5 x 4.5 x 9 = G7.5 

1 - 
?j- x 1 x 0.52 x 2 = .20 

67.7 x 4 --- = 
33 

812, tons 
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Bar No. 6. 

2” 4 
2.Sd X T = .O!E, detlcction 

Bar No. 7. 

Ilcre, 
i 

IlS =:3,ns =2.75,pq =.(i, t - 10 
/IX = -5, 112 = .S, 711’1 -_I”)!! = 1.? 

llence, 5X 3 x 2.75 x G = lG.50 

1655 z: 

4s 

E! 
= 2.06 tons 

i)*) 4 
r X F = .lOG deflection. 
3.7,s 

Notes and Illustrations. 

In order to avoid embarrassing the detail of the experiments with 
mathematical sololions, I have generally only stated the equations, 
and their results, in the preceding paper; but as, in its present form, 
some persons may wish to see the solutions themselves, I shall add 
here such as involve any difficulty, or which require any illustration. 

The first which occurs is the integration of the differential- 
x.3 112 

gg 1 :( ,I’ - .*y 

This may be put under the form, 
f!! * 

-3 

-3 

d; 
r” (2 1 .l’ - .7ytz ;x: 

* 0 
t )I- mahing ,’ i I i (,I, -- , ) i 
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Now the part under the integrating sign in a series becomes, 
25. 

f 3 XCZX 2 3x; 5.3x’tlx ---T-- = y’T* 
2p? 2P 

f ---T-- = 4.2p” 
2 5.3x; 7.5.3&1x 

9 

-.--) 
7 f 4.2~’ l 

2 7.5322 &c &c 
---9-- = -* 
6.4.2~’ 

9-- *. 
G . 4.2 p-g 

Which, when x = i.p = 1, may be written, 
1 1 1 1 3 1 5.3 

a 3 . -I- - .3333, + 5.2 . 5 = .15000, + - * __- 
7.29 4.2 

= .06695, + &g = .03040, SEC. 
. . . 

This series, after a few terms, may be considered nearly equivalent 
to a geometrical series, having the ratio $, and may he summed ac- 
cordingly. We have thus ultimately for the original expression, 
P 
S x L x.6095,&.= 

42 
.41$ as given in p. 122. 

Note top. 198. 
It may be convenient to show the origin of these formula+ particu- 

larly the third, which is not investigated in the preceding pages, ex- 
cept that it has been shown, generally, that ifd’ denote the depth ot 
the lower tibre below n n, and its tension be made = 1, and any va- 
riable distance = 2, 

That $ f x tE x: = sum of all the tensions to a unit of breadth. 

That f f 9 d z = sum of all the resistance referred to the axis 11. 

.4nd G 
f 

22 d x 

--- = 6’ distance of centre of tension. t f xdx ;I; . 
From which it follows, that ‘$ f x . d x = sum of all the resistances 

for a unit of breadth, x being taken in its ultimate state. 

Now, in the rib, when n’ = tl’, 8 ’ = pi 11, and 

1 
whence the above becomes Y ~1’~ I; but to refer this to the centre 

VOL; XVI.-No. i.=-_()I* L’OBEI:, I SAi ;5 
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of compression c, we have (calling the whole depth d) f d’ : G d 

: : $ d’s t : $ a! d’t; and introducing the breadth p q, it becomes 

;hs.ns.pq.t. 

In the same way, calling the tension at 2 = t?, and the breadth (n 

n --p q,) we have for the resistance of the head, $ h 2. n 2 . (n n 

--p q) t’; but the tension at 5 = z< 1; therefore,substituting this for 

(an-_p G9 t’, we have + h t 3 --. 
ns 

For the lower web- 
t 

7 f xa(15 
t f 

- = 6’ 
T d 

xdx 

Calling n r = d”, and x any variable distance below r, it becomes- 

f (“’ ’ x)e a ’ --= 
_f (d” + z) dx 

6’ ; which, when x = r s, gives 6’ = n m + 

r s’ t 
and - Qf 

t 6’ 

12mn d’ 
(d” + ;z) d x = - n m . r s, whence the resiet- 

d’ 

ante referred to n n is, for the breadth (mm--p q) n m. r s (m m 
t 6’ 

-pq)FI;; andcallings’ +nc=J ” it is, when referred to c, n m. , 

r s (m m --p q) ‘2 which is the formula in queetion. 

In a similar way, the formula for the trapezoidal rail is obtained. 

Note top. 267. 
Another equation, on which it may be well to offer a few remarks, 

is that given in p. 267, viz: 

$ j5(5_z))s +S!Z%[ 
(5-x) 

_ six33 
4 

This is drawn from the general solution, p. 265, viz: + hs.ns. 
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Taking the result of the experiments, p. 270, at w - S:, and the 
dimensions of that bar as known quantities, every thing in the above 
is given, except the position of the line n n. Calling, therefore, h n 
= 2, and substituting the proper numerical values for the other parts, 
we have, 

$.5.(5 -z).9 + $(1 
1.1 

-xy. 5’ 
-x 

This reduces first to 45 (5-x), + 11 (1 - z)” = 204.18 (5 - x), 

then 
267.82 

to xs - -x 
56 

=I 115.1 
----, 56 

whence the value of x = .484. 

Here t is tpken at ten tons, according to our first mean results; but if, 
instead of this, we consider it, like x, as an unknown quantity, the 
equation is, 4.5t (5 -x)2 + 1.1 t(1 -x2) =204.18(5--x.) thatis, 
t and x are dependent quantities, and every change in the value of t 
produces a corresponding change in the value of x. 

If 1 - 10.5, then the equation is, 45 (5 - x)~ + 11 (1 -xy = 
194.54 (5 - 2); whence E = .736. 

Again, we may find z quite independently of these considerations, 
by taking the ratio of the surfaces of tension and compression found in 
p. 194, viz: 1 : 4, and these into the distances of their respective 
centres of gravity; or, which is the same, the whole quantity of com- 
pression to that of extension, as 1 to 4*. 

Considering this as a general law, and dividing our area accordingly, 
we have 16 z2 = (1 - x:>2 + 3.6 (3 -z), or 16 x2 + 5.6 x = 11.8; 
from which we find t = .720. 

Hence it appears that, whatever method is pursued, the resulting 
numbers are exceedingly approximative. It has, however, been 
thought best for the object in view, to derive our final data from that 
case most resembling the actual subject of inquiry, which is that of 
railway bars having necessarily an upper table; and in these, t being 
taken as equal to ten tons in good iron, the neutral line may he con- 
sidered to divide the area of the upper table.into two equal parts, and 
on these are founded the rules given in p. 267. In other cases it will 
he better to determine 3, as in the last case, and proceed by the gen- 
eral rule. 

I know that it has been advanced, on theoretical principles, that at 
the commencement of strain, the neutral axis is in the centre of gravity 
of the area of the section, but this consideration does not enter into 
my investigation. I have not examined the question on theoretical, 
hut on mechanical principles, with a view to one specific object, and 
have purposely avoided resting any point on mere hypothesis. Every 
thing is made to depend on experimental results; and, from the uni- 
formity and agreement of these,1 have every confidence that the rules 
founded on them will enable practical men to compute such cases as 
may occur, with all the precision that can be desired. 


